The present invention relates generally to a technique for incorporating an RF transceiver onto the body of an elec tronic device. More particularly, it relates to a fully integrated, device-independent RF transmit/receive module that combines the antenna and associated electronics into a Single package and can be installed and used on a variety of electronic devices for the purpose of communicating with other electronic devices. Mini PCI or PC cards are convenient in that they are based on existing computer hardware and bus architecture. Unfortunately, these Solutions also occupy existing expan Sion slots that could otherwise be used for peripherals Such as network cards and Video drivers. Furthermore, any Solu tion that places the RF antenna in close proximity to a computer's motherboard and microprocessor is less than ideal. The computer processor and chipset generate noise which results in Signal degradation and attenuation. Attenu ation is also a result of RF signal multipathing that results from placing the RF antenna in a position where signals can be obstructed by the notebook computer Screen and other parts of the System Such as magnesium cases or EMI Shielded plastic components.
Background of the Invention
Experiments show that for Significant improvements in performance, the RF antenna in a wireleSS communication device should be placed high up in an unobstructed location. To account for this, other conventional wireless point to point communication Solutions employ a whip or blade type antenna that is mounted high on the device itself or located external to the device. In devices where the antenna is mounted directly to the communicating device, the antenna usually extends beyond the envelope of the product in which they are installed and may be prone to damage resulting in expensive replacement costs. Examples of these types of antennas are described in U.S. Pat. Nos. 5, 644, 320 and 5, 903.548. Furthermore, in Some conventional designs the radio circuitry is often located Separate from the antenna. In cases US 6, 717, 801 B1 3 like this, the antenna must be connected via a coaxial cable or shielded wire assembly to the main radio circuitry, which adds to the cost and introduces signal loSS and degradation. In addition to being unsightly, the cable assembly can be a nuisance and become tangled with other wiring or other equipment or Suffer damage if routed through moving com ponents Such as notebook lid hinges. Furthermore, as prod uct configurations change and locations of the radio com ponents change, each new radio configuration must be re-qualified for use by the FCC.
Another disadvantage of certain existing designs is that as wireleSS Specifications change, radio circuitry may become obsolete. If the radio circuitry and/or the antenna Subsystem is hardwired into the parent device, then Significant disassembly, component replacement, and downtime are required to bring the communication device up to date.
It is desirable, therefore, to provide a Small, low cost, fully integrated radio module that can be assembled as a complete unit that is Standardized acroSS product lines. This radio module would preferably be fully contained (i.e., include antenna and all related circuitry) So that no cable or con nector losses occur and would be easily installed in a parent device such as a portable computer or a PDA. Furthermore, the configuration of the module would allow for optimal placement with regards to RF signal reception and trans mission.
BRIEF SUMMARY OF THE INVENTION
The problems noted above are Solved in large part by a fully integrated wireleSS communication device as disclosed herein. In one embodiment, a wireleSS network adapter comprises wireleSS communication circuitry encased in a shell in the form of a detachable molding element of an electronic device. The wireleSS network adapter also com prises a bus connector to couple the wireleSS communication circuitry to an expansion bus when the shell is attached to an outer Surface of the electronic device. The adapter is a fully integrated module comprising an RF antenna for commu nication with a wireleSS network and a radio modem com prising a radio, a receiver, and modulation circuitry. The RF antenna in the wireleSS network adapter may take the form of a dedicated unit housed within the shell of the wireless network adapter, or alternatively, may form a part of the outer shell of the adapter. In yet another solution, the RF antenna may form a part of a company logo located on the shell the adapter.
An alternative embodiment may comprise a detachable molding element that encases a receSS in a computer System and a circuit card assembly assembled in the receSS of the computer System. The circuit card assembly preferably comprises a fully integrated RF radio module comprising an RF antenna for communication with a wireleSS network and radio circuitry including a radio, a receiver, and modulation circuitry.
The present invention also contemplates a portable com puter comprising, at a minimum, a System microprocessor, an expansion bus, a read-writeable memory device, an input/output device, and an expansion port connected to the expansion bus that is configured to accept the detachable wireless network adapter. Another embodiment of the present invention may comprise a portable computer equipped with an external sleeve configured to accept a wireleSS network adapter insert.
The wireleSS network adapter, as disclosed herein, may advantageously provide a compact, inexpensive Solution for enabling wireleSS communications between electronic Certain terms are used throughout the following descrip tion and claims to refer to particular System components. AS one skilled in the art will appreciate, computer companies may refer to a component by different names. This document does not intend to distinguish between components that differ in name but not function. In the following discussion and in the claims, the terms "including" and "comprising are used in an open-ended fashion, and thus should be interpreted to mean "including, but not limited to . . . . Also, the term "couple' or "couples" is intended to mean either an S indirect or direct electrical connection. Thus, if a first device couples to a Second device, that connection may be through a direct electrical connection, or through an indirect elec trical connection via other devices and connections. Additionally, the figures described above depict embodi ments of the present invention as they might exist for a laptop computer configuration. This document and the claims herein do not intend to limit the Scope of the invention to include only laptop computers, but rather the present invention may appropriately be applied to any of a variety of electronic devices including, but not limited to, notebook or palmtop computers, cellular or wireleSS telephones, printers, PDAS, calculators, desktop computers, facsimile machines, keyboards, joysticks, headsets, Scanners, and other electronic devices. In the following description, it will be assumed that adapter 200 operates to establish an RF radio communica tions link. However it is noted that adapter 200 may alter natively operate to establish an IR communications link or Some other form of wireless communications (e.g., ultraSonic). A variety of antenna technologies may be implemented in the preferred embodiment. In addition to the antennas that may receive and transmit Signals in accordance with the Bluetooth and IEEE 802.11 standards discussed above, the preferred embodiment may also be implemented with a dual-mode or multi-mode antenna that conforms to other RF standards. For example, the RF antenna 340 may transmit and receive per any of the Standard cellular telephone standards or the General Packet Radio Service (GPRS) as 7 used with the GSM digital cellular standard. GPRS refers to a packet transmission technology that will allow end users to remain constantly connected to a cellular network and receive and transmit data at speeds to over 100 Kbps. The RF antenna 340 may also be configured to transmit and receive per the 3G cellular standard, which is the next generation of mobile communication Systems currently under development by the global 3G Partnership Project (3GPP). The 3G standard is based roughly on the GSM cellular Standard but is expected to be extended and enhanced for high Speed multimedia data Services.
Additionally, the RF antenna 340 may alternatively incor porate diversity antenna technology. Antenna diversity gen erally involves the use of multiple antenna elements whose Signals are Sampled on a per packet basis So as to Select the Stronger Signal. Multiple antenna elements may also be implemented to provide antenna redundancy or alternatively, the transmit and receive antenna elements may be separated to account for a noisy antenna design.
The components in the preferred embodiment of the invention may be encapsulated in or implemented on a variety of materials. The preferred composition is FR-4 printed circuit board material. Other circuit board materials Such as polyimides, glass epoxy, and teflon are certainly feasible. Additionally, other plastics such as PVC and mate rials used in credit card and Smart card manufacturing are also possible.
Another embodiment of the wireless link adapter 200 may incorporate the antenna into the exterior Surface of the adapter or into the exterior casing of the parent device, thereby eliminating the need for a dedicated antenna and transducer housing 210. Thermoplastics impregnated with conductive material may be molded onto the exterior of the adapter 200. Alternatively, the conductive material which functions as the RF antenna may be electro-deposited or vapor deposited on the exterior surface of the adapter 200. In another embodiment, the antenna material may be deposited, molded, or otherwise applied in the shape of a company logo 260. The overall thickness of the adapter 200 is expected to be on the order of about 2 mm and the size to be roughly that of a credit card or smaller. The external configuration of the adapter 200 allows for easy standard ization acroSS product lines and device types. Furthermore, the adapter 200 can be installed during manufacture, at the point of Sale, or by the customer as an upgrade option. In either case, the fully integrated wireless link adapter 200 is ready for use and is installed without the need for antenna assembly, alignment, or tuning. FIG. 4 shows a preferred embodiment of the wireless link adapter 200 installed in a portable computer 400. In a preferred embodiment, the transducer 210 is positioned near the upper edge 410 of the display area of the portable computer 400.
Installation of the preferred embodiment of the wireless link adapter 200 into a parent device such as a portable computer 400 is shown in FIG. 5a . During installation, the adapter 200 slides into a recess 510 in the computer 400. Once the radio in pushed or slid into place, the connector contacts 520 on the computer 400 will make contact with the connector contacts located on the adapter 200. The radio may be secured in place with screws 530 as shown. Alter native Securing methods Such as latches, detents, and quick release mechanisms may also be used. One Such alternative embodiment is shown in FIG. 9 .
Referring now to FIG. 5b , in the event a user does not want or need the wireless link adapter 200 installed in the computer 400, a passive insert 540 may be installed to cover the recess 510 and protect the connector contacts 520. The passive insert may be identical in shape to the wireleSS link Since the wireless link adapter 200 connects to the computer 400 via an expansion bus, the recess 510 in the portable computer 400 may alternatively be used for other expansion devices Such as a camera or a biometric Security device. Other devices are certainly applicable and will be recognized by those skilled in the art.
FIG. 6a represents another embodiment of the installation of a protective cover 600 onto a computer 605 that is not equipped with a wireleSS link adapter. In this embodiment, the cover 600 is snapped or pressed into a recess 610 in the case of the computer 605. Once installed, the protective cover 600 will conceal the expansion bus connector 620. The cover may also contain a company logo or other descriptive or decorative markings. Any exposed mounting holes may be covered or filled using screws or rubber or plastic plugs 630. Separated by gaps or spaces 720. The mating insert (whether it be a passive insert or wireless link adapter) will have its own Set of fingers or protrusions that fit within these gaps 720. During installation of the adapter, the protrusions on the adapter are aligned with the gaps 720 in the computer case and the adapter is inserted in the direction of arrow 740. Once the adapter protrusions are below the ledges 710, the adapter is then slid in the direction of arrow 750. The adapter (or passive insert) may then be secured using screws inserted into the threaded holes 730 or some other suitable securing method. This embodiment may offer the advantage of pro Viding a more Secure retaining mechanism and also limits the distance that the adapter needs to be slid into and out of the expansion port.
FIG. 8 represents an alternative embodiment of the instal lation of a wireless link adapter 800 into a portable computer 810. In this particular embodiment, the adapter 800 is placed into a sleeve 820 which is permanently attached to the exterior of the computer 810. This embodiment allows an adapter 800 to be incorporated into existing notebook designs with minimal tooling changes. FIG. 9 shows an alternative means of securing the wire less link adapter 200 to a portable computer 400. In this particular embodiment, latches 900 that hold the adapter 200 in place are incorporated into the case of the computer 400. It can be appreciated that this embodiment offerS advantages over the use of Screws or fastenerS Since the Securing device is attached to the computer 400 and there is no hardware to be lost during installation or removal of the adapter 200. As mentioned previously, other means of Securing the adapter This alternative embodiment may preferably be installed in a portable computer 1200 as shown in FIG. 12. Portable computer 1200 preferably has a recess 1210 in the exterior shell behind the display area of the computer in which the circuit card assembly 1150 is installed. The recess 1210 may be placed in the location shown in FIG. 12 or it may be placed in alternative locations as dictated by the size and shape of the circuit card assembly 1150. This recess should preferably be located such that the RF Antenna 1110 is located high on the display cover as discussed above. The recess 1210 in the portable computer preferably has mating contacts which connect to connector contacts 1120 thereby permitting transmission of Signals between the RF Radio and the portable computer.
This alternative embodiment of the RF Radio may pref erably be enclosed in a detachable molding element 1300 as shown in FIG. 13 . This molding element 1300 preferably attaches to the exterior shell of the portable computer 1200. Additionally, the molding element 1300 preferably covers the circuit card assembly 1150 and the recess 1210 in the exterior shell of the portable computer 1200. This embodi ment offers the advantage of using the same molding ele ment 1300 to cover the recess 1210 regardless of whether the end user opts to purchase the optional RF Radio assembly.
The above discussion is meant to be illustrative of the principles and various embodiments of the present inven tion. Numerous variations and modifications will become apparent to those skilled in the art once the above disclosure is fully appreciated. For example, it is possible for the wireleSS link adapter to be fully incorporated into the latch mechanism of a portable computer. It is intended that the following claims be interpreted to embrace all Such varia tions and modifications.
What is claimed is:
1. A compute System, comprising: a System microprocessor; an expansion bus coupled to the microprocessor and configured to transport data to and from at least one input/output device; an input/output device operatively coupled to Said micro processor, and an expansion port connected to the expansion bus, wherein the port is configured to accept a detachable molding element, and a radio modem comprising a circuitry for conversion between digital and modulated analog signals, wherein when the detachable molding element is installed, the molding element encases the circuit card assembly and covers the receSS in the computer System. 2. A computer System, comprising: a System microprocessor, an expansion bus coupled to the microprocessor and configured to transport data to and from at least one input/output device; an input/output device operatively coupled to Said micro processor, and an expansion port connected to the expansion bus, wherein the port is configured to accept a detachable molding element, wherein the detachable molding ele ment houses a wireleSS network adapter comprising: wireleSS communication circuitry; a bus connector adapted to couple the wireleSS com munication circuitry to the expansion bus when the molding element is attached to the expansion port of the computer System; an RF antenna for communication with a wireleSS network, and a radio modem comprising a circuitry for conversion between digital and modulated analog signals, wherein the exterior case of the computer System func tions as the RF antenna of the wireleSS network adapter. 3. A computer System, comprising: an expansion bus coupled to the microprocessor, an input/output device operatively coupled to Said micro processor, and an expansion port connected to the expansion bus con figured to accept a wireleSS network adapter, Said wireleSS network adapter comprising: wireleSS communication circuitry; a bus connector adapted to couple the wireleSS com munication circuitry to the expansion bus when the molding element is attached to the expansion port of the computer System; an RF antenna for communication with a wireleSS network, and a radio modem comprising a circuitry for conversion between digital and modulated analog signals, wherein the expansion port is attached to the exterior case of the computer System, and wherein the exterior case of the computer System func tions as the RF antenna of the wireleSS network adapter. 4. A laptop computer which comprises: a clamshell case having a shroud and a lid, wherein the shroud has a keyboard which is protected by the lid when the lid is in a closed position, wherein the lid has a display which is protected by the lid when the lid is in the closed position; an expansion port, wherein the expansion port is located proximate to an upper edge of the id when the lid is in the open position; and
